Gd3+ substituted of Mn0.5Zn0.5GdxFe2−xO4 (x=0.1, 0.2, 0.3, 0.4) ferrites for ferrofluids application  by Arora, Manju et al.
  
 
Physics Procedia 00 (2009) 000±000 
www.elsevier.com/locate/procedia
 
12th International Conference on Magnetic Fluids 
Gd3+  Substituted of Mn0.5Zn0.5GdxFe2-xO4 (x= 0.1, 0.2, 0.3, 0.4) 
Ferrites For Ferrofluids Application  
Manju Aroraa,*, Ashok Kumara and R.P. Panta1 
aNational Physical Laboratory, Dr. K. S. Krishnan Road, New Delhi, India 
Elsevier use only: Received date here; revised date here; accepted date here 
Abstract 
Gd3+ substituted MnZn ferrites [Mn0.5Zn0.5GdxFe2-xO4 (x = 0.1, 0.2, 0.3, 0.4)] nanoparticles have been explored for ferrofluid 
applications. The oleic acid coated water base ferrofluids of these ferrites are prepared by chemical co-precipitation. The effect of 
Gd3+ ions on structural morphological and magnetic properties of these samples are characterized by X-ray diffraction, FTIR, 
EPR and dc magnetization techniques. The crystallite size, particle size and saturation magnetization increases with the increase 
of Gd3+ ions concentration while lattice parameter and lattice strain reduces. The g-value, peak-to-peak linewidth and spin 
concentration evaluated from EPR spectra  correlated with cations occupancy.  
Keywords: Ferrofluids, Nanomagnetic , Ferrite, Magnetization 
1. Introduction 
Recently, the synthesis of nanomagnetic materials has been a field of extensive research, due to the novel  
mesoscopic properties shown by particles of quantum dimensions located in the transition region between atoms and 
bulk solids. Quantum size effects and the large surface area of magnetic nanoparticles dramatically change some of 
the magnetic properties and exhibit superparamagnetic phenomena and quantum tunneling of magnetization, 
because each particle can be considered as single magnetic domain. The physical and chemical properties of the 
nanomaterials depends on their size and shape or morphology.  The efforts are going on the development of  simple, 
economic and effective methods for fabricating nanomaterials with controlled size and morphology to optimize their 
properties required for a particular application.  As we know that the smaller a nanoparticle has large surface area 
due to this the electrical conductivity and mechanical strength are not the same as in bulk materials. Magnetic 
nanoparticles  spinel ferrites are of great interest in finding the relationships between magnetic properties, chemistry 
and structure. The chemistry behind these materials gives information about their chemical composition, lattice 
structure and physical properties. These spinels find applications in information storage devices, magnetic fluids, 
EMI shielding,  microwave absorbers and biomedical. The synthesis and magnetic structure characterization of 
spinel nanoferrites have drawn considerable attention of researchers [1-4] to tune the particle size and optimization 
of their properties. The reduction in particle size causes the formation of  single-domain particles which gives rise to 
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a superparamagnetism as each particle behaves like a magnet and acts like a paramagnetic gas with very large 
magnetic moment and defined magnetic order. 
2.  Experimental/ Methodology 
The nanocrystalline Gd3+ doped MnZn ferrites have been synthesized by a chemical co- precipitation method 
using AR grade MnCl2, ZnCl2, GdCl3 and FeCl3 reactants in stoichiometric ratio and 25% ammonia solution for 
precipitation at 8.5 pH. Rigaku make powder X-ray diffractometer at 40 kV and 30 mA, using Cu KD(O=1.54059Å) 
radiation  in the  2T range from 20o to 70o.  IR transmission spectra of as - prepared samples were recorded on 
NICOLET 5700 FTIR spectrophotometer in 4000-400 cm-1 region. Jeol CX 200 TEM is used for recording 
structural morphology of these particles. The saturation magnetization measurements were carried out by a search 
coil method. Polytronic power supply (Model-BCS-1000), Electromagnet (Type Hem-100) and flux meter (Model-
FM109) were used for this purpose. The EPR measurements were carried out by a Varian E line Century X-band 
EPR spectrometer (Model-E-112). LEO SEM with EDAX attachment is used to find the presence of Gd3+ ions in 
these nanomagnetic particles.  
3. Results and Discussion 
3.1  Structural characterization 
 
The powder X-ray diffraction patterns of Gd3+ ±doped Mn0.5Zn0.5GdxFe2-xO4 for x = 0.1, 0.2, 0.3, 0.4 ferrite are 
presented in Fig. 1(a, b, c, d). XRD showed (311), (400), (511) and (440) diffraction peaks. The µG¶ YDOXHV DQG
intensities of the observed diffraction peaks match well the single crystalline spinel structure of MnZn ferrite. These 
patterns exhibit improvement in the intensity of the crystalline peaks with increasing Gd3+ ions concentration. The 
crystallite size (CS)  calculated by using the Scherrer formula, lattice parameter (LP) and lattice strain (LS) of all the 
samples are listed in the table 1. The gradual increase in the crystallite size and decrease  in lattice parameter is 
attributed to the replacement of Fe3+ ions with  higher ionic radii Gd3+ ions. 
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Fig.1: XRD pattern of  Mn0.5Zn0.5GdxFe2-xO4  x=0.1, (b) x=0.2, (c) x=0.3, (d) x=0.4 
 
Table 1:  Lattice parameter and crystallite size of Gd3+ doped MnZn ferrite 
     
 
 
 
 
 
 
 
 
Composition LP (Å) CS  
(nm) 
LS 
Mn0.5Zn0.5Gd0.1Fe1.9O4  8.3989  11.6 0.0054 
Mn0.5Zn0.5Gd0.2Fe1.8O4  8.4109  10.87 -0.009 
Mn0.5Zn0.5Gd0.3Fe1.7O4  8.4240  10.56 0.0022 
Mn0.5Zn0.5Gd0.4Fe1.6O4  8.4733  8.43 0.1036 
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IR transmission spectra of Mn0.5Zn0.5GdxFe2-xO4  (x=0.1, 0.2, 0.3, 0.4) samples were recorded in the 4000-400 
cm-1 region at ambient temperature. These FTIR spectra showed the characteristic peak of spinel  structure, Fe-O 
stretching modes of tetrahedral and octahedral symmetries at 570 and 416 cm-1 respectively in all the samples. The 
variation in intensity and peak position of these modes is attributed to the change in crystalline field effect induced 
by gadolinium ions substitution in crystal lattice. In addition to these vibrational modes, water stretching and 
bending modes, carboxylate ion  stretching modes and methylene (CH2) are also observed in these samples IR 
spectra. This appearance of these peaks is due to oleic acid surfactant which encapsulates magnetic nanoparticles. 
 
3.2  Morphological Characterization 
  
The TEM micrograph of  Mn0.5Zn0.5GdxFe2-xO4 for x = 0.4 is shown in Fig. 2. This micrograph confirms the 
uniform spherical shaped particles formation with size less than 10 nm. The presence of Gd in these particles is 
confirmed from their EDAX spectra.   
 
 
 
Fig. 2: TEM micrograph of Mn0.5Zn0.5Gd0.4Fe1.6O4   
 
3.3 Magnetic properties characterization 
 
EPR  spectra of Mn0.5Zn0.5GdxFe2-xO4 (x= 0.1, 0.2, 0.3, 0.4) nanocomposites were recorded at ambient 
temperature and presented in fig 3. The spectra  were analyzed  using Lorentzian distribution function to obtained 
ǻ+pp (peak-to-peak linewidth) , g-value, and spin concentration [6,7]. EPR spectra show a single resonance broad 
signal with a very weak hump signal of g-value about 3.4  indicating the presence of isolated Fe3+, Mn2+, Zn2+ ions. 
The broadness of EPR signal is explained in terms of the random orientation of ferromagnetic particles in low Gd 
content sample which scatter in direction of anisotropic field of the nanoparticles. In Mn0.5Zn0.5Gd0.4Fe1.6O4 sample, 
the decrease in peak-to-peak linewidth is attributed to the isotropic alignment of magnetic moments with increase in 
gadolinium concentration.  
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Fig. 3: EPR spectra of  Mn0.5Zn0.5GdxFe2-xO4 
Samples for  x=0.1, 0.2, 0.3, 0.4 
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DC magnetization measurements were carried out by search coil method. Hysteresis loops plotted from these 
measurements are given in Fig. 4 and the values of saturation magnetization (Ms), ramanence magnetization (Mr) 
and coercitivity (Hc) obtained from these loops [8] are tabulated in Table 2. 
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Fig.4: Magnetization loops of Mn0.5Zn0.5GdxFe2-xO4  samples: (a) x=0.1, (b) x=0.2, (c) x=0.3  and (d) x=0.4 
 
 
Table : 2 Magnetization parameters of Mn0.5Zn0.5GdxFe2-xO4  : (a) x=0.1, (b) x=0.2, (c) x=0.3 and (d) x=0.4 
 
        Composition  
Ms 
emu/gm  
Mr  
emu/gm  
Hc  
gauss  
Mn0.5Zn0.5Gd0.1Fe1.9O4  119.78  12.18  125.86  
Mn0.5Zn0.5Gd0.2Fe1.8O4  126.81  21.46  125.96  
Mn0.5Zn0.5Gd0.3Fe1.7O4  151.07  23.28  197.72  
Mn0.5Zn0.5Gd0.4Fe1.6O4  184.03  35.43  201.14  
 
4.  Conclusions 
 
These studies explore the synthesis of gadolinium doped manganese zinc ferrite and their water based ferrofluids 
which can be used in hyperthermia application. This work shows the successful synthesis of nanomagnetic particles 
suitable for ferrofluid preparation. The structure, morphology and magnetic properties confirmed the formation of 
these particles with desired stoichiometry. Gd3+ ions are present in the interstitial sites of the ferrite lattice which 
causes the variation in these nanoparticles.   
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